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Significance

Metamaterials Science & Technology:
Approach & Project Structure

Grand Challenge Vision & Goal:
Useful 3-D IR Metamaterials

Selected Metamaterial Accomplishments:
Theory, Materials, Fabrication, Characterization
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µ!"# = meta = “beyond” 
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permittivity !, & permeability µ 
derived from the  
constituent atoms 

!eff, µeff are derived from “meta-units”  
(bigger than atoms, << ") 

after Pendry, JB , 'Negative refraction', 
Contemporary Physics, 45:3, 
191 - 202 

refractive index: wave impedance: 

Conventional 
Material 

Metamaterial 

D. Schurig et. Al., Duke Univ.  

RF Cylindrical Cloak 

from: Schurig, et al, OPTICS 
EXPRESS Vol. 14, 9794 2006   

Electromagnetic Cloaking 

http://discovermagazine.com www.sciam.com 

Negative Refraction & Perfect Lensing 

Rapid progress at optical frequencies, but still a large gap 
between theory and demonstrated optical devices.  

“NETGEAR’s new Wireless-N products, which are 
based upon the IEEE 802.11n Draft 2.0 

specification and have all been certified by the 
Wi-Fi Alliance, incorporate multiple internal 

antenna arrays based on revolutionary 
metamaterials technology… “ 

http://www.netgear.com/About/PressReleases/en-US/2008/20080106b.aspx 

Loss is the key limitation for many optical applications 
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!!Useful, low-loss, 3D, LWIR metamaterials 
!!Capability to custom-engineer absorption or loss  
!!Novel constituent materials and designs for low loss (0.1dB/!) 

!! 100x more transparent than best current IR metamaterials  
!!End Goal: Science and infrastructure for new materials 

Multiple layers per wavelength 
Multiple wavelengths per film 

Each layer comprises 2D array of nanostructures 
!! structures change with position for spatially 

dependent ! and µ"
!! spatially dependent anisotropies 

Long wave IR: operating within 8 – 12 µm (thermal IR) 

Large area 3D materials 

Low-loss materials and 3D nanostructure 

Metamaterials 

low 
loss 

3D 
IR  

8-12 µm 

!!<0.1 db/Wave 
!!or, perfectly absorbing structures 

!!volumetric energy flow 
!!multiple directions 
!!multiple polarizations 

!!thermal IR 
!!limits to 
shorter-!"

materials 
science 

theory 
& 

modeling 

fabrication 
& 

testing 
!!loss fundamentals 
!!HPC design environment 
!!full anisotropic optimization 

!!dielectrics/composites/alloys 
!!low-loss polymer 3D matrix materials 

!!DUVL, EBL, PnP, NIL 
!!phase sensitive spectroscopy 
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Isotropic, Low-loss 
Negative Index Metamaterial 

1 µm 

Jumpstart Metamaterials 

1 µm 

SRRs 

Fishnets 

Polyethylene 

Low IR Loss Polymers & Ceramics 

8-12 
µm 

Effective Medium Multipole Models 


